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JHQHUDWRUDQGWKHQWRDORZWHPSHUDWXUHJHQHUDWRU
)LJVKRZVDFRPSRQHQWZLWKGRXEOHEHKDYLRU&*LWLVDKHDWH[FKDQJHUZKLFKRSHUDWHVDVFRQGHQVHU
DQGJHQHUDWRUDWWKHVDPHWLPHMXVWDVVKRZHGLQ)LJ7ZRIORZVJHWLQWRWKH&*RQHRIWKHPLVUHIULJHUDQW
DQGWKHRWKHURQHLVVROXWLRQ7KHUHIULJHUDQWZKLFKFRPHVIURPWKHJHQHUDWRUJHWVLQWRWKH&*DVYDSRUDW
KLJKSUHVVXUHLWJLYHVLWVHQHUJ\ZKLOHFRQGHQVLQJDQGWKHQOHDYHV&*2QWKHRWKHUKDQGVROXWLRQ
FRPLQJIURPWKHVDPHJHQHUDWRUJHWVLQWRWKH&*DWPLGGOHSUHVVXUHDQGPLGGOHFRQFHQWUDWLRQLQ/L%U
UHFHLYHV KHDW IURP HQHUJ\ JDYH XS E\ WKH UHIULJHUDQW  DQG WKHQ LW JHQHUDWHV PRUH UHIULJHUDQW 
DIWHUZDUGVWKHUHVWRIWKHVROXWLRQQRZZLWKKLJKFRQFHQWUDWLRQLQ/L%UJRHVIURPWKH&*WRWKHDEVRUEHU
7KHPDLQGLIIHUHQFHEHWZHHQGRXEOHHIIHFWLQVHULHVDQGVLQJOHHIIHFWOLHVLQWKHILUVWKDYLQJWZRUHIULJHUDQW
JHQHUDWRUVDQGFRQGHQVHUVEHVLGHVWKHUHDUHWKUHHGLIIHUHQWSUHVVXUHOHYHOVDQGFRQFHQWUDWLRQV

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
)LJ37GLDJUDPIRUGRXEOHHIIHFWLQVHULHVDEVRUSWLRQV\VWHP  )LJ&RQGHQVHUJHQHUDWRU&*GLDJUDP
'RXEOHHIIHFWLQYHUVH
'RXEOH HIIHFW LQYHUVH F\FOH FRPSDUHGZLWK WKH GRXEOH HIIHFW LQ VHULHV F\FOH KDV DQ H[WUD SXPS DQG D
WKURWWOHYDOYHOHVV2QWKHRWKHUKDQGZKLOHWKHGRXEOHHIIHFWLQVHULHVFRQGXFWVWKHVROXWLRQGLUHFWO\IURPWKH
JHQHUDWRU WR WKH&*  LQ WKH GRXEOH HIIHFW LQYHUVH VHH)LJ  WKH VROXWLRQ JRHV IURP WKH JHQHUDWRU
WKURXJK ERWK KHDW H[FKDQJHV +(K DQG +(O  WKURXJK D WKURWWOH YDOYH  DQG WKHQ UHDFKHV WKH
DEVRUEHUZKHUHVROXWLRQLVSXPSHGLQRUGHUWRFRPHEDFNWRWKH+(ODQGILQDOO\JHWVLQWRWKH&*
7KHVROXWLRQZKLFKGRHVQRWHYDSRUDWHLQWKH&*LVSXPSHGWRWKHJHQHUDWRU

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

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


)LJ37GLDJUDPIRUDGRXEOHHIIHFWLQYHUVHDEVRUSWLRQV\VWHP
0DWKHPDWLFDOPRGHO
,Q RUGHU WR DQDO\VH WKH SHUIRUPDQFH RI WKH GLIIHUHQW DEVRUSWLRQ FRROLQJ V\VWHPV WKH IROORZLQJ
DVVXPSWLRQVKDYHEHHQPDGHLQWKHGHYHORSPHQWRIWKHLUPDWKHPDWLFDOPRGHOVZLWKUHIHUHQFHWR)LJV
L 7KHUHLVWKHUPRG\QDPLFHTXLOLEULXPWKURXJKRXWWKHHQWLUHV\VWHP
LL 7KHDQDO\VLVLVPDGHXQGHUVWHDG\VWDWHFRQGLWLRQV
&
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LLL $ UHFWLILHU LV XQQHFHVVDU\ VLQFH WKH DEVRUEHQW GRHV QRW HYDSRUDWH LQ WKH WHPSHUDWXUH UDQJH XQGHU
FRQVLGHUDWLRQ
LY 6ROXWLRQLVDWVDWXUDWHGVWDWHZKHQOHDYLQJJHQHUDWRUDQGDEVRUEHUDQGUHIULJHUDQWLVDWVDWXUDWHGVWDWH
ZKHQOHDYLQJFRQGHQVHUDQGHYDSRUDWRU
Y +HDWORVVHVDQGSUHVVXUHGURSVLQWKHWXELQJDQGWKHFRPSRQHQWVDUHFRQVLGHUHGQHJOLJLEOH
YL )ORZWKURXJKWKHYDOYHVLVLVHQWKDOSLF
YLL 7HPSHUDWXUHVDWWKHH[LWRIWKHPDLQFRPSRQHQWVWKHKHDWORDGLQWKHHYDSRUDWRU4( N:DQG
WKHHIILFLHQF\RIWKHKHDWH[FKDQJHUVȘ+( DUHDOONQRZQ

6LQJOH(IIHFW
'ĞŶĞƌĂƚŽƌ;'Ϳ
ŵϳсŵϭнŵϴ    ;ϭͿ
ŵϳǆϳсŵϭǆϭнŵϴǆϴ  ;ϮͿ
Y'сŵϭŚϭнŵϴŚϴʹŵϳŚϳ;ϯͿ 
ďƐŽƌďĞƌ;Ϳ
ŵϱсŵϰнŵϭϬ   ;ϰͿ
ŵϱǆϱсŵϰǆϰнŵϭϬǆϭϬ  ;ϱͿ
YсŵϰŚϰнŵϭϬŚϭϬʹŵϱŚϱ ;ϲͿ
ŽŶĚĞŶƐĞƌ;Ϳ
Yсŵϭ;ŚϭʹŚϮͿ;ϳͿ
ǀĂƉŽƌĂƚŽƌ;Ϳ
Yсŵϯ;ŚϰʹŚϯͿ;ϴͿ
ĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂƚĞǆĐŚĂŶŐĞƌ;,Ϳ
ɻ,с;ŚϳʹŚϲͿͬ;ŚϴʹŚϲͿ;ϵͿ
WƵŵƉǁŽƌŬ;tƉͿ
tƉсŵϱ;ŚϲʹŚϱͿ;ϭϬͿ
&ůŽǁƌĂƚŝŽ
Z&сŵϱͬŵϰ ;ϭϭͿ
ŽĞĨĨŝĐŝĞŶƚŽĨƉĞƌĨŽƌŵĂŶĐĞ
KWсYͬ;Y'нtƉͿ;ϭϮͿ

+DOI(IIHFW
>ŽǁWƌĞƐƐƵƌĞ'ĞŶĞƌĂƚŽƌ;'ůͿ
ŵϯсŵϰнŵϭϳ   ;ϭϯͿ
ŵϯǆϯсŵϰǆϰнŵϭϳǆϭϳ  ;ϭϰͿ
Y'ůсŵϰŚϰнŵϭϳŚϭϳʹŵϯŚϯ ;ϭϱͿ
>ŽǁWƌĞƐƐƵƌĞďƐŽƌďĞƌ;ůͿ
ŵϭсŵϲнŵϭϲ   ;ϭϲͿ
ŵϭǆϭсŵϲǆϲнŵϭϲǆϭϲ  ;ϭϳͿ
YůсŵϲŚϲнŵϭϲŚϭϲͲŵϭŚϭ  ;ϭϴͿ
,ŝŐŚWƌĞƐƐƵƌĞ'ĞŶĞƌĂƚŽƌ;'ŚͿ
ŵϵсŵϭϯнŵϭϬ   ;ϭϵͿ
ŵϵyϵсŵϭϯyϭϯнŵϭϬyϭϬ  ;ϮϬͿ
Y'ŚсŵϭϯŚϭϯнŵϭϬŚϭϬʹŵϵŚϵ ;ϮϭͿ
,ŝŐŚWƌĞƐƐƵƌĞďƐŽƌďĞƌ;ŚͿ
ŵϳсŵϭϮнŵϭϳ   ;ϮϮͿ
ŵϳyϳсŵϭϮyϭϮнŵϭϳyϭϳ  ;ϮϯͿ
YŚсŵϭϮŚϭϮнŵϭϳŚϭϳͲŵϳŚϳ ;ϮϰͿ
ŽŶĚĞŶƐĞƌ;Ϳ
Yсŵϭϯ;ŚϭϯʹŚϭϰͿ;ϮϱͿ
ǀĂƉŽƌĂƚŽƌ;Ϳ
Yсŵϭϱ;ŚϭϲʹŚϭϱͿ;ϮϲͿ
ĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂƚĞǆĐŚĂŶŐĞƌ;,ůͿ
ɻ,ůс;ŚϯʹŚϮͿͬ;ŚϰʹŚϮͿ ;ϮϳͿ 
ĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂƚĞǆĐŚĂŶŐĞƌ;,ŚͿ
ɻ,Śс;ŚϵʹŚϴͿͬ;ŚϭϬʹŚϴͿ ;ϮϴͿ
WƵŵƉǁŽƌŬ;tƉůͿ
tƉůсŵϭ;ŚϮʹŚϭͿ;ϮϵͿ
WƵŵƉǁŽƌŬ;tƉŚͿ
tƉŚсŵϳ;ŚϴʹŚϳͿ;ϯϬͿ
&ůŽǁƌĂƚŝŽ
Z&сŵϳͬŵϭϯ ;ϯϭͿ
ŽĞĨĨŝĐŝĞŶƚŽĨƉĞƌĨŽƌŵĂŶĐĞ
KWсYͬ;Y'ůнtƉůнY'ŚнtƉŚͿ;ϯϮͿ

'RXEOH(IIHFWLQ6HULHV
'ĞŶĞƌĂƚŽƌ;'Ϳ
ŵϭϯсŵϭϰнŵϭϳ   ;ϯϯͿ
ŵϭϯyϭϯсŵϭϰyϭϰнŵϭϳyϭϳ  ;ϯϰͿ
Y'сŵϭϰŚϭϰнŵϭϳŚϭϳʹŵϭϯŚϭϯ ;ϯϱͿ
ďƐŽƌďĞƌ;Ϳ
ŵϭсŵϲнŵϭϬ   ;ϯϲͿ
ŵϭyϭсŵϲyϲнŵϭϬyϭϬ  ;ϯϳͿ
YсŵϲŚϲнŵϭϬŚϭϬʹŵϭŚϭ ;ϯϴͿ
ŽŶĚĞŶƐĞƌͲ'ĞŶĞƌĂƚŽƌ͗ĂƐŐĞŶĞƌĂƚŽƌ;'Ϳ
ŵϭϲсŵϰнŵϳ   ;ϯϵͿ
ŵϭϲǆϭϲсŵϰǆϰнŵϳǆϳ  ;ϰϬͿ
ŽŶĚĞŶƐĞƌͲ'ĞŶĞƌĂƚŽƌ͗ĂƐĐŽŶĚĞŶƐĞƌ;'Ϳ
ŵϭϳсŵϭϴ   ;ϰϮͿ
ŵϭϳyϭϳсŵϭϴyϭϴ ;ϰϯͿ
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Y'сŵϰŚϰнŵϳŚϳʹŵϭϲŚϭϲ ;ϰϭͿ Y'сŵϭϳ;ŚϭϳͲŚϭϴͿ ;ϰϰͿ
ŽŶĚĞŶƐĞƌ;Ϳ
ŵϴсŵϳнŵϭϵ   ;ϰϱͿ
YсŵϳŚϳнŵϭϵŚϭϵʹŵϴŚϴ ;ϰϲͿ
ǀĂƉŽƌĂƚŽƌ;Ϳ
YсŵϭϬ;ŚϭϬʹŚϵͿ;ϰϳͿ
ĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂƚĞǆĐŚĂŶŐĞƌ;,ůͿ
,ůс;ŚϯͲŚϮͿͬ;ŚϰʹŚϮͿ ;ϰϴͿ
ĨĨŝĐŝĞŶĐǇŽĨƚŚĞŚĞĂƚĞǆĐŚĂŶŐĞƌ;,ŚͿ
,Śс;ŚϭϯͲŚϯͿͬ;ŚϭϰʹŚϯͿ ;ϰϵͿ
WƵŵƉǁŽƌŬ;tƉůͿ
tƉůсŵϭ;ŚϮʹŚϭͿ;ϱϬͿ
&ůŽǁƌĂƚŝŽ
Z&сŵϭͬŵϭϬ  ;ϱϭͿ
ŽĞĨĨŝĐŝĞŶƚŽĨƉĞƌĨŽƌŵĂŶĐĞ
KWсYͬ;Y'нtƉůͿ;ϱϮͿ


'RXEOH(IIHFW,QYHUVH
'ĞŶĞƌĂƚŽƌ;'Ϳ
ŵϭϯсŵϭϰнŵϭ   ;ϱϯͿ
ŵϭϯǆϭϯсŵϭϰǆϭϰнŵϭǆϭ  ;ϱϰͿ
Y'сŵϭϰŚϭϰнŵϭŚϭʹŵϭϯŚϭϯ ;ϱϱͿ
ďƐŽƌďĞƌ;Ϳ
ŵϴсŵϳнŵϭϳ   ;ϱϲͿ
ŵϴǆϴсŵϳǆϳнŵϭϳǆϭϳ  ;ϱϳͿ
YсŵϳŚϳнŵϭϳŚϭϳʹŵϴŚϴ ;ϱϴͿ
ŽŶĚĞŶƐĞƌͲ'ĞŶĞƌĂƚŽƌ͗ĂƐŐĞŶĞƌĂƚŽƌ;'Ϳ
ŵϭϬсŵϰнŵϭϭ   ;ϱϵͿ
ŵϭϬǆϭϬсŵϰǆϰнŵϭϭǆϭϭ  ;ϲϭͿ
Y'сŵϭϭŚϭϭнŵϰŚϰʹŵϭϬŚϭϬ ;ϲϮͿ
ŽŶĚĞŶƐĞƌͲ'ĞŶĞƌĂƚŽƌ͗ĂƐĐŽŶĚĞŶƐĞƌ;'Ϳ
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WƵŵƉǁŽƌŬ;tƉůͿ
tƉůсŵϴ;ŚϵʹŚϴͿ;ϳϬͿ
WƵŵƉǁŽƌŬ;tƉŚͿ
tƉŚсŵϭϭ;ŚϭϮʹŚϭϭͿ;ϳϭͿ
&ůŽǁƌĂƚŝŽ
Z&сŵϴͬŵϳ  ;ϳϮͿ
ŽĞĨĨŝĐŝĞŶƚŽĨƉĞƌĨŽƌŵĂŶĐĞ
KWсYͬ;Y'нtƉůнtƉŚͿ;ϳϯͿ
5HVXOWV
)LJ  FRPSDUHV WKH FRHIILFLHQW RI SHUIRUPDQFH DJDLQVW JHQHUDWRU WHPSHUDWXUH IRU WKH GLIIHUHQW
FRQILJXUDWLRQVRIWKHFRROLQJV\VWHPV,QWKHILJXUHLWFDQEHVHHQWKDWIRUWKHIRXUF\FOHVWKHFRHIILFLHQWRI
SHUIRUPDQFH LQFUHDVHVZKLOH JHQHUDWRU WHPSHUDWXUH LQFUHDVHV 7KH KLJKHVW FRHIILFLHQWV RI SHUIRUPDQFH DUH
REWDLQHGZLWKWKHGRXEOHHIIHFWF\FOHVUHDFKLQJWKHRUHWLFDOYDOXHVXSWRKRZHYHUIRUWKHVHV\VWHPVWKH
UHTXLUHGJHQHUDWRUWHPSHUDWXUHLVKLJKHUWKDQÛ&ZKLFKPD\EHDQLQFRQYHQLHQFH2QWKHRWKHUKDQGLW
FDQEHREVHUYHGWKDWWKHORZHVWFRHIILFLHQWVRISHUIRUPDQFHDUHREWDLQHGZLWKWKHKDOIHIIHFWV\VWHPUHDFKLQJ
&23YDOXHVQRWKLJKHUWKDQKRZHYHUWKHUHTXLUHGJHQHUDWRUWHPSHUDWXUHLVEHWZHHQDQGÛ&ZKLFK
LVFRQVLGHUDEO\ORZHUWKDQWKRVHWHPSHUDWXUHVUHTXLUHGIRUWKHGRXEOHHIIHFWV\VWHPVDQGFRXOGEHREWDLQHGIRU
H[DPSOHZLWKIODWSODWHVRODUFROOHFWRUVZKLOHWHPSHUDWXUHVQHHGHGDWGRXEOHHIIHFWV\VWHPVZLOOQHHGPRUH
H[SHQVLYHVRODUWHFKQRORJLHV)LQDOO\LWFDQEHVHHQWKDWWKHLQWHUPHGLDWH&23DUHREWDLQHGZLWKWKHVLQJOH
HIIHFWV\VWHPVEHWZHHQDQGDWPRGHUDWHGJHQHUDWRUWHPSHUDWXUHV

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
)LJ&RPSDULVRQRI&23DJDLQVW7*IRUWKHGLIIHUHQWFRQILJXUDWLRQVRIWKHFRROLQJV\VWHPV
)LJ  VKRZV WKH FRPSDULVRQ RI WKH IORZ UDWLR DJDLQVW JHQHUDWRU WHPSHUDWXUH IRU WKH IRXU V\VWHPV )URP
HTXDWLRQVDQGLWLVFOHDUWKDWWKHIORZUDWLRUHSUHVHQWVWKHIUDFWLRQEHWZHHQWKHPDVVIORZUDWH
SXPSHG IURP WKH DEVRUEHU WR WKH JHQHUDWRU DQG WKHPDVV IORZ UDWH RI UHIULJHUDQW SURGXFHG LW LV JRRG WR
PHQWLRQWKDWWKHDPRXQWRIUHIULJHUDQWSURGXFHGLVUHODWHGZLWKWKHVL]HRIWKHVHODVWFRPSRQHQWV,Q)LJLW
FDQEHVHHQWKDWWKHIORZUDWLRGHFUHDVHVZLWKDQLQFUHPHQWRIWKHJHQHUDWRUWHPSHUDWXUHIRUWKHIRXUV\VWHPV
7KLV KDSSHQV EHFDXVH DQ LQFUHPHQW RI JHQHUDWRU WHPSHUDWXUH LQFUHDVHV DOVR WKH DPRXQW RI WKH UHIULJHUDQW
SURGXFHGDQGWKHQWKHFRHIILFLHQWRISHUIRUPDQFHJHWVKLJKHU
)LJDDQG)LJEVKRZWKHFRPSDULVRQRIFRHIILFLHQWRISHUIRUPDQFHDJDLQVWHYDSRUDWRUWHPSHUDWXUH
IRUWKHVLQJOHDQGKDOIHIIHFWF\FOHVDQGWKHGRXEOHHIIHFWF\FOHVUHVSHFWLYHO\,WFDQEHVHHQLQERWKILJXUHV
WKDWWKHFRHIILFLHQWRISHUIRUPDQFHLQFUHDVHVZLWKDQLQFUHPHQWRIHYDSRUDWRUWHPSHUDWXUH,Q)LJDLWFDQ
EHREVHUYHGWKDWIRUWKHVHVSHFLILFFRQGLWLRQV7* Û&DQG7$ 7& Û&WKHRSHUDWLQJUDQJHRIKDOI
HIIHFWV\VWHPLVYHU\OLPLWHGEHFDXVHLWVHYDSRUDWRUWHPSHUDWXUHJRHVIURP&WR&PHDQZKLOHWKHVLQJOH
HIIHFW V\VWHP FDQ RSHUDWH EHWZHHQ  Û& DQG  Û& $OVR LW FDQ EH REVHUYHG WKDW WKH FRHIILFLHQWV RI
SHUIRUPDQFH YDOXHV IRU WKH VLQJOH HIIHFW V\VWHP DUH FRQVLGHUDEOH KLJKHU WKDQ WKRVH REWDLQHGZLWK WKH KDOI
HIIHFW,QWKH)LJELWFDQEHVHHQWKDWWKHGRXEOHHIIHFWLQVHULHVV\VWHPFDQUHDFKKLJKHUFRHIILFLHQWVRI
SHUIRUPDQFHWKDQWKRVHREWDLQHGZLWKWKHGRXEOHHIIHFWLQYHUVHV\VWHPEXWDWDVPDOOHURSHUDWLQJUDQJH



)LJ&RPSDULVRQRIWKH)5DJDLQVW7*IRUWKHGLIIHUHQWFRQILJXUDWLRQVRIWKHFRROLQJV\VWHPV
&RPSDULQJWKHFRHIILFLHQWVRISHUIRUPDQFHRIWKHIRXUF\FOHVLWFDQEHVHHQDJDLQWKDWWKHKLJKHVWYDOXHV
DUHREWDLQHGZLWKWKHGRXEOHHIIHFWV\VWHPVIROORZHGE\WKHVLQJOHHIIHFWDQGWKHORZHVWDUHREWDLQHGZLWKWKH
KDOIHIIHFW

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 
)LJD&23DJDLQVW7(IRUWKHVLQJOHHIIHFWDQGKDOIHIIHFWF\FOHVE&23DJDLQVW7(IRUWKHGRXEOHHIIHFWF\FOHV
)LJDDQG)LJE VKRZDFRPSDULVRQRIFRHIILFLHQWVRISHUIRUPDQFHDJDLQVWFRQGHQVHUDQGDEVRUEHU
WHPSHUDWXUHV,WFDQEHVHHQLQERWKILJXUHVWKDWFRHIILFLHQWRISHUIRUPDQFHGHFUHDVHVZLWKDQLQFUHPHQWRIWKH
FRQGHQVHUDQGDEVRUEHUWHPSHUDWXUHV,Q)LJDLWFDQEHREVHUYHGWKDWIRUVSHFLILFFRQGLWLRQVVKRZQKDOI
HIIHFW V\VWHP FDQ RSHUDWH DW KLJK FRQGHQVHU DQG DEVRUEHU WHPSHUDWXUHV XS WR  Û& ZKLFK OHDGV WR DQ
DGYDQWDJH IRU WKHVHV\VWHPV EHFDXVH WKH\DUHVXLWDEOH IRUKRWSODFHV VLQFH7&DQG7$DUH UHODWHGZLWK WKH
DPELHQWWHPSHUDWXUHGHVSLWHRIWKHLUGLVDGYDQWDJHRIORZFRHIILFLHQWVRISHUIRUPDQFH
,QWKH)LJE LW FDQEHVHHQ WKDWWKHKLJKHVWFRHIILFLHQWVRISHUIRUPDQFHDUHREWDLQHGZLWKWKHGRXEOH
HIIHFW LQ VHULHV V\VWHPVZKLFKDOVR FDQ RSHUDWH DWDKLJKHU UDQJH RI FRQGHQVHU DQG DEVRUEHU WHPSHUDWXUHV
EHWZHHQÛ&DQGÛ&

  
)LJD&23DJDLQVW7& 7$IRUWKHVLQJOHHIIHFWDQGKDOIHIIHFWF\FOHVE&23DJDLQVW7& 7$IRUWKHGRXEOHHIIHFWF\FOHV
&RQFOXVLRQV
/DWHVWWUHQGVVKRZJUHDWLQWHUHVWLQDEVRUSWLRQFRROLQJF\FOHVPDLQO\GULYHQEHFDXVHWKLVWHFKQRORJ\FDQ
RSHUDWHZLWKVRODUHQHUJ\DQGZDVWHKHDWDVDSULPDU\HQHUJ\VRXUFHZKLFKUHVXOWVLQUHGXFWLRQRIJUHHQKRXVH
JDVHVDQGHQHUJ\VDYLQJV
5HVXOWV IURP WKLVZRUNVKRZHG WKDW WKHKLJKHUFRHIILFLHQWVRISHUIRUPDQFHDUHREWDLQHGZLWKWKHGRXEOH
HIIHFWV\VWHPVEHWZHHQDQGIROORZHGE\VLQJOHHIIHFWV\VWHPVEHWZHHQDQG7KHORZHVW
FRHIILFLHQWVRISHUIRUPDQFHDUHUHDFKHGE\KDOIHIIHFWV\VWHPVEHWZHHQDQGKRZHYHUWKH\UHTXLUH
JHQHUDWRU WHPSHUDWXUHV EHWZHHQ  Û& DQG  Û&PHDQZKLOH GRXEOH HIIHFW V\VWHPV UHTXLUH WHPSHUDWXUHV
DERYH & LQ JHQHUDWRU 7KHQ LW FDQ EH VHHQ WKDW DQ DGYDQWDJH RI KDOI HIIHFW V\VWHP LV WKH ORZ
WHPSHUDWXUHVUHTXLUHGLQJHQHUDWRUQRWWRPHQWLRQWKDWWKH\FDQRSHUDWHLQKRWFOLPDWHV2QWKHRWKHUKDQG
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WKH VLQJOH HIIHFW V\VWHP FDQ RSHUDWH DW PRGHUDWHG JHQHUDWRU WHPSHUDWXUHV EHWZHHQ  Û& DQG  Û&
UHDFKLQJUHDVRQDEOHFRHIILFLHQWRISHUIRUPDQFHYDOXHV
&RPSDULQJ GRXEOH HIIHFW V\VWHPV EHWZHHQ WKHP LW ZDV REVHUYHG WKDW WKH KLJKHVW FRHIILFLHQW RI
SHUIRUPDQFHLVREWDLQHGZLWKWKHGRXEOHHIIHFWLQVHULHVV\VWHP$OVRWKLVFDQRSHUDWHZLWKDKLJKHUUDQJHRI
FRQGHQVHUDQGDEVRUEHUWHPSHUDWXUHVWKDQWKHGRXEOHHIIHFWV\VWHPLQYHUVH
$PRQJ DOO FRQILJXUDWLRQV WKH VLQJOH HIIHFW V\VWHP LV WKH RQH WKDW UHTXLUH WKH PLQLPXP QXPEHU RI
FRPSRQHQWVWRRSHUDWHDQGWKHUHIRUHLWLVWKHVLPSOHVWDQGOHVVH[SHQVLYH
$FNQRZOHGJHPHQW
7KH DXWKRUV WKDQN WR WKH SURMHFWV 6(1(5&21$&\7 DQG&21$&\7 IRU WKH HFRQRPLFDO
VXSSRUWJLYHQIRUWKHGHYHORSPHQWRIWKLVVWXG\
5HIHUHQFHV
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